Ground has been proven that it is able to supply cooling and heating resulting in significant reduction of electricity consumption. This paper discusses potential of ground towards implementation of ground thermal storage by using ground heat exchanger (GHE) to supply passive cooling for any application. Analysis has been conducted based on empirical equation from conduction heat transfer for depth up to 6 m and thermal diffusivity from 0.04 to 0.1 m 2 /day. The main input parameters were obtained from local weather station for three consecutive years. The results showed that significant reduction of temperature occur at depth below than 2.0 m in which cooling can be supplied constantly throughout the year. Temperature amplitude also gets attenuated relatively with depth in which amplitude less than 1°C occur at depth more than 4 m for thermal diffusivity 0.04 m 2 /day. In addition, thermal diffusivity plays important role in determining ground temperature variation. It has been obtained that the temperature amplitude significantly increase when the thermal diffusivity increase. Therefore, this paper had suggested that the application of GHE should be placed in condition of thermal diffusivity 0.06 m 2 /day and below.
Introduction
The demand of electricity for space cooling is increasing from year to year and leads to the utilization of renewable energy and source of thermal storage in reducing dependency of fossil fuel [1 -3] . Ground is one of the sources of thermal storage that has high thermal inertia in which about half of energy from the sun is absorbed by the earth. This makes temperature fluctuations at the ground surface attenuated deeper into the ground. At a sufficient depth, the ground temperature is lower than the outside temperature in summer and higher in winter. When ambient air is drawn through buried pipe called ground heat exchanger (GHE), the air is cooled in summer and heated in winter [4] . This air can be used for human comfort by means of ventilation.
Investigation of ground temperature at different depths is necessary to identify potential of GHE. It is reported that the ground temperature is different for different geographical location [5, 6] . Florides and Kalogirou [7] reported underground temperature variation at various depths during summer and winter. The temperature is nearly constant below a depth of 5 m for the year round. Chow et al. [8] analyzed the soil temperature in Hong Kong at different depth. Temperature at depth of 3 m presented smaller temperature amplitude compared with other depths. Lowest temperature obtained was 22.5°C and the highest was 27.5°C. Pfafferot [4] presented average annual temperature profile at different depth. The finding showed that the temperatures at depth of more than 4 m are consistent throughout the year which is in the range of 9 to 13°C. Meanwhile, [9] have conducted a study of underground temperature as a part of a main research in implementing GHE for an air conditioned building. Their finding is that the configurations for the GHE at depth of 3 m for summer and winter showed a good compromise between energy performance and cost of excavation.
There are few authors have conducted measurement and simulation works of the soil temperature regime in India [10 -11] . They have measured temperature up to 3 m depth. The temperature amplitude gets attenuated with depth which is 2.8°C at 3 m compared with 4.6°C at 1 m depth.
Additionally, result from this work has been applied on GHE for buildings and greenhouses. Al-Ajmi et al., [12] conducted measurement and simulation study of soil temperature for hot and arid climate. The temperature gets attenuated from 13.3°C at the ground surface to 3.95°C at depth of 4 m. In Malaysia, Alam et al. [13] have conducted a study on energy efficient using geo cooling system. They implemented ground temperature variation based on China climate [14] . Lowest temperature is 19.7°C has been obtained at depth of 10 m and this value has been implemented in the analysis. Other work of ground temperature study summarized that depth of 1 m could give best performance to GHE for Malaysia climate [15] . Temperature variation obtained were only based on two seasons; wet and dry seasons.
From these literatures, the authors would like to address that the analysis of temperature variation at different depth and thermal diffusivities are important and need to be conducted in order to implement GHE in Malaysia. These analyses are discussed in this paper. Besides the temperature, this paper also highlights analytical and correlation equation of annual temperature amplitude that have been developed according to Malaysian condition. These equations are used to determine underground temperature and temperature amplitude for Malaysia climate.
Mathematical Model
Development works of mathematical model to study temperature variation under the ground have been done by many researchers since 1960s [5] . These models were treated the ground as semi-infinite and homogeneous heat conducting medium. Basic equation of heat conduction was used in developing mathematical model of soil temperature variation as shown by Eq. (1).
Final equation to determine temperature of ground at certain depth and time (T z,t ) can be expressed in Eq. (2). . T m , A s and t o can be determined from local weather station using statistical approach. However, the thermal diffusivity should be determined accurately at the location of the study. In case of there is no detailed information about the soil characteristic and the moisture varies throughout the year, there is a guideline provided by ASHRAE [16] . Generally, the thermal diffusivity averagely ranges from 0.04 to 0.1 m 2 /day. In addition, most of researchers used different value of thermal diffusivity in their work [10, 12, 13, 17] .
( )
In the present work, the local ambient temperature has been obtained from Weatherspark (Station 34038) for three consecutive years starting from 2010 until 2012. From the data, three important parameters have been determined; i) Mean temperature of the soil surface (T m ), ii) Amplitude of surface temperature variation (A s ) and iii) Phase constant (t o ). The thermal diffusivity is taken in the range of 0.04 to 0.1 m 2 /day which is suggested by ASHRAE and previous researchers.
Results and Discussion

Empirical Equation.
Statistical analysis of ambient temperature obtained that the mean daily temperature was 26.9°C. The lowest and highest temperatures were 22.7°C and 34°C respectively. The amplitude of surface temperature is obtained as 5.7°C and the phase constant (t o ) where the lowest temperature is taken at day 365 on the basis of daily average temperature. The final empirical equation to determine ground temperature variation in Malaysia is shown in Eq. (3);
Ground Temperature. Analysis of ground temperature variation has been conducted up to 6 m depth and the thermal diffusivity was taken in the range of 0.04 to 0.10 m 2 /day. Eq. (3) is used to analyze the ground temperature by using MATLAB software. Figure 1 to Figure 3 present the timetemperature graph at different depth and thermal diffusivity. These graphs show the same trend of sinus-wave. However, their amplitudes are different at the same depth. This is due to the thermal diffusivity in which higher thermal diffusivity means heat moving rapidly through the soil. Effect of Thermal Diffusivity. Other finding in this study is that the variation of the amplitude gets attenuated relatively to the depth of the ground for the range of the thermal diffusivity as shown in Figure 4 . In the application of GHE, the amplitude of temperature should keep as small as possible so that the effect of cooling by the ground can be utilized at optimum condition. In addition, low thermal diffusivity is able to keep the GHE at low temperature. One possible explanation is that the heat is moving slowly in this region from the source of heat. Therefore, thermal diffusivity at 0.06 m 2 /day and below looks more significant and rational in the application of GHE due to reduction of the amplitude about half from the range of analysis which based on These correlation equations are significant to determine maximum ground temperature amplitude at different thermal diffusivity with different depth, z.
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Conclusion
The underground temperature for Malaysia's climate has been determined using empirical equation in which at depth of below 2.0 m is able to produce significant cooling for any application. The temperature is ranging from 25 to 29°C with thermal diffusivity of 0.06 m 2 /day and less. Deeper into the ground, the temperature variation will become consistent throughout the year and it will be the same as the annual mean air temperature. However, the excavation cost to lay down the GHE should be considered in implementation. In this study, the suitable depth to lay down the GHE is proposed at 2.5 m to 4.0 m. Beside the depth, thermal diffusivity also plays a significant role in annual ground temperature variation. It is recommended to install the GHE in a place having a thermal diffusivity of 0.06 m 2 /day and less.
